and LnCL223_343290, Figure 4 ). (Table S11 ). We identified 22 OGs exclusive to Viannia (Table S12) : three OGs contained the RNAi 2 9 8 pathway genes (DCL1, DCL2, RIF4). Another OG was the telomere-associated mobile subgenera for which three to four copies had been reported for L. infantum, L. mexicana, L.
3 1 0 major, L. adleri and L. tarentolae [68, 69] . This gene has been implicated in enabling parasites 3 1 1 to resist oxidative stress and potentially aiding persistence, drug resistance and metastasis Four genes from four OGs unique to L. naiffi LnCL223 were identified compared to other 3 1 6
Leishmania (Table S13 ). Of these four, hypothetical genes LnCL223_312570 and 3 1 7
LnCL223_292920 had orthologs in T. brucei and T. vivax, respectively. Gene arrays are genes in the same OG with more than two haploid gene copies: they can be cis
or trans. There were 327 gene arrays on L. naiffi LnCL223 (Table S15) , 334 on L. guyanensis
LgCL085 (Table S16 ) and 255 on the control L. braziliensis M2904 (Table S17) LnCL223 and L. guyanensis LgCL085 was underestimated. The most expanded array on L. guyanensis LgCL085 contained TATE DNA transposons 3 4 0 (OG5_132061) with 50 haploid gene copies (Table 3) illustrating that more accurate estimates of copy number may be possible. the sole protease-related OG amplified in all three species (Table S23 ). This family was not Sauroleishmania genomes also had high array copy numbers: 37 for L. adleri [69] and 84 for 3 5 3 L. tarentolae (Table S12 ). Leishmania subgenus genomes had lower copy numbers, with 13 for A tuzin gene array (OG5_173452) had higher haploid copy numbers on L. guyanensis We assembled high-quality reference genomes for two isolates, L. ( each ( Table 2 ). An essential feature of this process was to identify and remove contamination naiffi LnCL223 to ensure that the reads used were informative and free of exogenous
impurities. A second screen for contamination in unassigned contigs also removed several L.
guyanensis LgCL085 contigs, which improved subsequent annotation and gene copy number Our strategy was tested by applying the same protocol to the L. braziliensis M2904 short read copy numbers at certain genes and the incorrect assembly of some loci that were fixed 3 8 7 manually. The resulting genomes were largely complete: for comparison, the control L. genes of the reference (231 were missing) and 70 additional genes missed in the reference 3 9 0 sequence. These findings highlight scope to resolve Leishmania chromosomal architecture 3 9 1 more accurately, particularly at repetitive regions and gene arrays, using longer sequencing 3 9 2 reads and hybrid assembly approaches. We showed that the majority of Viannia were diploid and had 35 chromosomes. Aneuploidy This was verified using read depth allele frequency distributions of reads mapped to L. braziliensis M2904 and to their own assemblies. This study illustrated that high-throughput sequencing approaches, alignment methods and The L. braziliensis reference genome (MHOM/BR/1975/M2904) was a positive control whose 4 7 9 short reads were examined using the same methods. It was originally sequenced using an (Table 1) . We included the genomes of L. panamensis read observed as an extra GC content peak outside the normal peak for the L. braziliensis 4 9 6 M2904 and L. guyanensis reads indicated sequence contamination that was removed ( Figure   4 9 7 S10). Two Illumina PCR primers in the L. braziliensis M2904 reads were removed (Table S1 ). The M2904 reads used to assemble a control genome were used for read mapping, error 5 0 4 correction and SNP calling and so the contamination did not affect the published reference. However, it did reduce the number of reads mapped as shown in [48] where only 84% of the L. braziliensis M2904 short reads mapped to the L. braziliensis assembly, compared with 92% of 5 0 7 reads for L. infantum reads mapped to its own assembly, 93% of L. major reads mapped to its 5 0 8 own assembly, and 97% of L. mexicana reads mapped to its own assembly. guyanensis LgCL085 reads were filtered (Table S1) in the same manner using BLASTn and 5 1 2 the smoothness of the GC content distribution to remove putative contaminants. Low quality 5 1 3 bases were trimmed at the 3' end of L. naiffi LnCL223 reads to remove bases with a phred base 5 1 4 quality < 30 using Trimmomatic [90] (Table S1, Figure S11 ). This resulted in 13,033,846 sequences -85% and 86% of the initial reads, respectively (Table S1 ). Processed reads were assembled into contigs using Velvet v1.2.09 and assemblies for all odd 5 2 0 numbered k-mer lengths from 21 to 75 were evaluated. The expected k-mer coverage was 5 2 1 determined for each assembly using the mode of a k-mer coverage histogram from the velvet- LnCL223 and L. braziliensis, which produced assemblies with the highest N50 lengths. Each The assembly with the highest N50 for each was scaffolded using SSPACE [58] . In the initial 5 3 2 assemblies, 76% of gaps in scaffolds (3,592/4,754) were closed in for L. guyanensis LgCL085, REAPR (Table S18) , with the sole exception of L. braziliensis control at the error-correction 5 4 7 stage, likely due to its higher heterozygosity. The EFB% was the fraction of the total bases 5 4 8 whose reads had no mismatches, matches the expected insert length, had a small FCD error and 5 4 9
at least five read pairs oriented in the expected direction. segments were labelled as unassigned "bin" contigs, and kDNA contigs were annotated as well LgCL085 reads mapped to its own (Diptera: Psychodidae). Amer Entomol Inst, Gainesville. 
